We explore the dependence of the amplitude of stellar dynamo cycle variability (as seen in the Mount Wilson Ca II HK timeseries data) on other stellar parameters. We find that the fractional cycle amplitude Acyc (i.e. the ratio of the peakto-peak variation to the average) decreases somewhat with mean activity, increases with decreasing effective temperature, but is not correlated with inverse Rossby number Ro −1 . We find that Acyc increases with the ratio of cycle and rotational frequencies ωcyc/Ω along two, nearly parallel branches.
Introduction
In a recent series of papers (Brandenburg, Saar, & Turpin 1998; Saar & Brandenburg 1999 [=SB] , 2001), we have been exploring relationships between magnetic cycle periods P cyc , rotation periods P rot , and other stellar properties. By combining P cyc obtained from observations of Ca II emission (e.g., Baliunas et al. 1995 [=Bea95] ), photometry, and P rot variation (e.g., Lanza & Rodono 1999) , we found evidence for trends between cycle (ω cyc ) and rotational (Ω) frequencies (Saar & Brandenburg 2001) , and between ω cyc /Ω and both R ′ HK and Ro −1 (Brandenburg et al. 1998; SB) . Here, Ro
is the inverse Rossby number and R ′ HK is the Ca II HK flux, corrected for photospheric contributions and normalized by the bolometric flux (see Noyes et al. 1984) .
Another important, but less studied observational property of stellar dynamos is the cycle amplitudes (i.e., the mean amplitude of the cyclic variability as seen in some activity diagnostic). There is a relationship between cycle amplitude and period seen in the Sun, where shorter cycles tend to be followed by stronger ones (e.g., Hathaway, Wilson & Reichmann 1994) , but there has been little work along these lines in stars. Focusing on inactive stars, Soon et al. (1994) suggested that the fractional peak-to-peak cycle amplitude seen in chromospheric Ca II HK emission,
Correspondence to: saar@head-cfa.harvard.edu decreased linearly with log(Ω/ω cyc ) 2 . Studying a larger sample, Baliunas et al. (1996) found that among inactive stars, A cyc ∝ (ω cyc /Ω) 0.9 . Results for active stars were less clear. Baliunas et al. (1996) analyzed all cycles detected by Bea95, independent of their quality. In our earlier work on cycle periods we found it very useful to begin by taking only a critically chosen sample of reliable, high grade cycles (e.g., Bradenburg et al. 1998, SB) . In this paper, we therefore take a fresh look at cycle amplitudes, in light of the new results for P cyc , using the same high quality cycle sample.
Analysis
We base our analysis on the Mount Wilson Ca II HK data (Bea95). Soon et al. (1994) gives cycle amplitudes for a number of inactive stars, and Baliunas et al. (1996) gives them for all stars with cycles in Bea95, but the A cyc values for common stars in these studies could not be reconciled. We have thus resorted, for this initial study, to "eye" estimates of the S HK index amplitude ∆S HK (based on plots in Bea95) for stars not in Soon et al. (1994) . These were converted into a ∆R ′ HK following Noyes et al. (1984; see Table 1 ). As a test, we also made "eye" estimates of ∆S HK for stars in Soon et al. (1994) and found A cyc (eye)−A cyc (Soon) = 0.00±0.03, indicating good agreement.
We studied stars chosen by SB for having well defined cycles, which in practice meant all cycles ranked "poor" in Bea95, and some graded "fair", were ignored. Stars were c WILEY-VCH Verlag Berlin GmbH, 13086 Berlin, Germany 0000 0044-6337/00/00000-0000 $ 17.50+.50/0 weighted by cycle grade, with an additional reduction applied if A cyc (eye) was unusually difficult to determine. Other stellar properties were also taken from the list compiled in SB. We estimated that the amplitude of the solar secondary P cyc (the Gleissberg cycle) at ≈ half of the primary (11 year) A cyc .
Results and Discussion
We first investigated how ∆R ′ HK depends on R ′ HK itself (Fig. 1) . We find ∆R Some of the scatter about the fit can be explained by an additional dependence on B − V color: ∆R ′ HK is larger in K stars than G or F at fixed R ′ HK . This is seen more clearly by plotting A cyc vs. B −V color (Fig. 2) , which shows an steady increase in A cyc from F through G stars, until a maximum is reached by the mid K stars (B − V ∼ 1.0). The averages by spectral type are A cyc (F) = 0.17, A cyc (G) = 0.22, and A cyc (K) = 0.35. This behavior may be the result of a dependence of cycle amplitude on fractional convection zone depth, up to some limiting value in mid-K stars.
Some of the scatter in Fig. 1 is also intrinsic. If stellar cycles are like the Sun, activity will be restricted in latitude. Stars with different inclinations i will then exhibit different apparent A cyc (Radick et al. 1998; Knaack et al. 2001) . Analysis of the models in Knaack et al. (2001) , however, indicates that 77% of the measured A cyc should lie within ±15% of the mean, with only 23% (those with i ≤ 39
• ) will range from -15% to -46% of A cyc . Furthermore, stars more active than the Sun are expected to have a wider latitude distribution of activity (e.g., Schrijver & Title 2001) , and thus should show less scatter due to varying i. Thus the effects of i should be relatively small, and strongest stars with R Fig. 1) , showing an increasing A cyc with decreasing effective temperature in F and G stars, reaching a maximum in mid-K stars.
In contrast to the dependence on B − V , A cyc shows little dependence on rotation, whether expressed as Ω, or (see Fig. 3 ) as Ro −1 = τ C /P rot (where τ C is the convective turnover timescale; Noyes et al. 1984) . Since R derives from a cycling dynamo. This suggests that the noncycling (small-scale) component of the dynamo is prominent and thus (from Fig. 3 ) must have a similar dependence on rotation as the cycling component. However, this is at odds with the lack of any strong rotational dependence for R ′ HK in very inactive, "flat" activity stars where activity is likely fueled by a small-scale dynamo alone (Saar 1998 ). Thus, a more likely possibility is that there is significant temporal overlap in R ′ HK between cycles, reducing the apparent amplitude A cyc . In this scenario, the cyclic dynamo dominates the rotational dependence of R ′ HK , despite the apparently small A cyc . Enhanced cycle overlap with increasing R ′ HK would also explain the decrease in A cyc with R ′ HK (Fig. 1) . Study of the dependence of A cyc on P cyc with our dataset reveals a complex situation. Most inactive stars (defined as log R ′ HK ≤ −4.75), combined with a few active ones, trace out a relation similar to that found by Baliunas et al. (1996) , while most active ones show a similar, nearly parallel relation offset at higher A cyc . Specifically, 20 stars (14, or 70% of them inactive) show A cyc ∝ (ω cyc /Ω) 0.66 (σ = 0.082 dex), and 9 stars (7, or 78% of them active) exhibit A cyc ∝ (ω cyc /Ω) 0.85 (σ = 0.081 dex). Only two lower quality detections cannot be assigned to one of these branches. This "branched" structure is similar to that seen between ω cyc /Ω and Ro −1 or R ′ HK by Brandenburg et al. (1998), SB, and Saar & Brandenburg (2001) (and first noted by Saar & Baliunas 1992 and Soon et al. 1993) . There are some differences in branch membership, though; for example, active G stars HD 1835, 20630, and 26913 lie on the active ("A") branch in SB, but the inactive ("I") branch here (Figs. 4, 5) .
If we also consider secondary P cyc , we find three lie on these branches, while four do not. Including the secondary P cyc in the branch fits causes little change: for the "I" branch,
0.68 (σ = 0.082 dex) while for the "A" vs. ω cyc /Ω (symbols as in Fig. 1) , showing an inactive (marked "I"; A cyc ∝ (ω cyc /Ω) 0.66 ) and an active (marked "A"; A cyc ∝ (ω cyc /Ω) 0.85 ) branch. branch, A cyc ∝ (ω cyc /Ω) 0.88 (σ = 0.076 dex). Four of the stars show A cyc (primary)/A cyc (secondary) = 2.26±0.18, suggesting there may be some "preferred" amplitude ratios. All four secondary cycles "unmatched" to a branch lie at low A cyc and high ω cyc /Ω and may indicate a third branch -more data is needed to confirm this.
Thus, it appears that A cyc and P cyc are related in stars, just as they are in the Sun. Study of stars indicates the relationship is multivalued, and depends on rotation.
The present analysis is limited due to the saturation of Ca II emission for Ro −1 > ∼ 3, which likely suppresses and obscures the visibility of cycles for more active stars. Cycle overlap is also a concern. A logical next step would be to investigate photometric cycle amplitudes, which in active stars are due to spots (rather than the plage/network seen in Ca II). Photometric cycle amplitudes saturate at considerably higher Ro −1 (Messina et al. 2001) , permitting study of A cyc in much more active, faster rotating stars. Ideally, some normalized quantity like the fractional luminosity amplitude ∆L/L or the starspot filling factor f S (e.g., from TiO measurements) should be used.
